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SUMMARY 
The so-called non-saturable uptake of e-amino acids by the Ehrlich cell, even 
though it occurs at a characteristically slow rate for various neutral amino acids 
(whether they are in the n- or the L-form) is nevertheless structurally specific, since 
the uptake of/3-alanine, taurine and betaine occurs only about one-third as rapidly 
as that of the e-amino acids. Furthermore the uptake shows a considerable sensitivity 
to pH, and a temperature sensitivity so high as to exclude simple diffusion as the 
rate-limiting step. The structural specificity is compatible with a reaction of the amino 
acid with a membrane site, either an abundant one or a relatively unreaetive one, 
the reaction of the amino acid with which presumably need involve at most only 
its amino and carboxyl groups. 
Uptake of amino acids at high levels by rat-intestinal segments also showed 
high temperature sensitivities. 
INTRODUCTION 
The several tissues and cells that have been studied show, in addition to the 
usual amino acid transport systems, a comparatively slow uptake and release of 
neutral amino acids, natural or unnatural, metabolizable and non-metabolizable, 
which fails to be saturated by any reasonable concentration of the amino acid or 
an analog. Instead, its rate increases linearly with concentration, at least up to o.I M 
levels. AKEDO AND CHRISTENSEN 1 showed that this component can readily be meas- 
ured by extending observations of the uptake rate to high levels and then extra- 
polating to infinite concentrations. If this correction is not made, the customary 
kinetic plots may curve in characteristic ways at high solute concentrations; the 
Lineweaver-Burk plot, for example, curves downward toward the origin. The magni- 
tude of the error produced in estimating Km and V depends on the quantitative 
relation between V/Km (the value to which V/(Km + [S]) reduces for low solute 
concentrations, and hence the rate constant for the saturable process at such concen- 
trations) and the linear constant describing the "non-saturable" process. 
We have emphasized from the first that  the "non-saturable" component may 
well be simply another mediated transport which we have not yet been able to 
saturate measurably, nor to slow appreciably by a suitable competing analog. A 
number of investigators have assumed the "non-saturable" uptake to occur by dif- 
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fusion. If it were practical to test solute levels at still higher levels, saturability might 
well become evident; but of course a slowing of the relative uptake rate at very 
high levels might result from the replacement of the environmental Na + or C1- by 
the amino acid, from effects on water distribution, or from handicaps to energy 
metabolism or other general functions of the cell. Therefore one does not prove that 
the process in question is simple diffusion merely by showing that it cannot be satu- 
rated. The present communication describes some other tests of the nature of the 
"non-saturable" migration into the Ehrlich cell, and into intestinal segments, leading 
us to the conclusion that it very likely is an additional chemically mediated transport. 
METHODS 
The Ehrlich ascites tumor cells were produced and handled by the methods 
previously described 3-6. The suspending medium was Krebs-Ringer bicarbonate 
medium, in which amino acids replaced NaCl isoosmotically. For studying the effect 
of modifying the pH, Krebs-Ringer phosphate medium was prepared to yield the 
desired pH at essentially the same osmotic pressure. 
Segments of the jejunum of rats (body weight about 12o g) of o.5-I cm length 
were incubated in Krebs-Ringer bicarbonate medium containing 0.5 % glucose, pre- 
pared as described above, for 5 rain for observation of a-aminoisobutyric acid and 
phenylalanine uptake, respectively. This interval was short enough to approximate 
the initial rates of uptake. The tissue was removed from the suspending medium 
with forceps and blotted gently. It  was then homogenized with a mixture of 2 % 
ZnSOa and o.I M NaOH, each 5 ml/g of tissue. The extract and the suspending phase 
were then analyzed by liquid scintillation counting, correction being made for the 
extracellular space of the tissue, observed using poly[14Clglucose. 
RESULTS 
Effect of relative magnitude of non-saturable component on its discrimination 
Fig. IA shows the calculated sum of the migration of a solute by a saturable 
and a non-saturable route, assuming three different orders of magnitude for Kin, 
a fixed value for the V of the saturable route, and a fixed value for the rate constant 
describing the non-saturable process, 
v =  KD(Ac--Af) 
where A e and At are the calculated internal and external concentrations of solute 1. 
The upper curve resembles the findings on the predominant mode of phenylalanine 
uptake by the Ehrlich cell. For this curve V/Km has been set equal to IOO KD, so 
that  the non-saturable component approaches a minimal value of 1% of the total 
uptake at low solute concentrations. Under these conditions, good approximations 
of Km and V can be obtained without correcting at all for the non-saturable process; 
if observations were limited to levels below IO mM the slower linear component would 
probably not be detected. The middle curve resembles findings for the uptake of 
glycine by the same cell. In this case V/Kra equals IO KD, so that the non-saturable 
component represents io % or more of the total uptake. Failure to take the "non- 
saturable" component into account would in this case lead to considerable error. 
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For  a s imilar  case, Fig. 2 of a recent  communica t ion  ~ i l lus t ra tes  the  effects on the 
L i n e w e a v e r - B u r k  plot  of not  segregat ing the sa tu rab le  component  from the "non-  
sa tu rab le" .  Fig. I B  (the two upper  curves) shows t ha t  the  plot  proposed  b y  AKEDO 
AND CHRISTENSEN measures  well the "non- sa tu rab le"  component  under  ei ther  of the  
first two condit ions.  
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Fig. I. To ta l  u p t a k e  by  the  sum of two processes, one " n o n - s a t u r a b l e "  and  the  o ther  sa tu rab le ,  
w i th  Km values  of o.5, 5 and  5 ° mM. V has been held c o n s t a n t  a t  5 mmoles  per  kg cell  wa te r  
per  min.  The  f i rs t-order  r a t e  cons tan t ,  KD, descr ib ing  the  " n o n - s a t u r a b l e "  process 1 has  been 
held a t  o . i  n l in  1. The circles a long the  lower curve  represent  u p t a k e  by  a s ingle agency,  I(m = 
3oo mM. In  Fig. 1t3, the  same d a t a  are p lo t t e d  according to AKEDO AND CHRISTENSEN 1. The 
l inear  r a t e  c o n s t a n t  is ob ta ined  from the  in t e rcep t  a t  I/[S] - - zero;  the  in te rcep t  is equal  to 
i --C-KD t. See t e x t  for in t e rp re ta t ion .  
F o r  the  lowest  curve of Fig. IA,  V/Km = KD, so t ha t  the  "non - sa tu r ab l e "  
process accounts  for half or more of the  to ta l  up take .  The sa tu rab le  process in this  
case con t r ibu tes  too l i t t le  cu rva tu re  to the  plot  to pe rmi t  the  na tu re  of the  curve to 
be recognized. The six points  p lo t t ed  along this lowest curve are ca lcu la ted  to repre-  
sent  up t ake  b y  a single process wi th  a Km of o.3 M. Their  posi t ion shows tha t  it  
would  be difficult to decide whe ther  or not  the  curva tu re  of the  lowest  line arose 
from a combina t ion  of a sa tu rab le  wi th  a non-sa tu rab le  process, or s imply  from a 
high-Kin, sa tu rab le  process. 
Rep lo t t ing  the  d a t a  of the  lowest  curve of Fig. I A  according to the  me thod  of 
AKEDO (Fig. IB,  nex t  to lowest curve),  and  ex t r apo la t ion  of the  l inear  por t ion  of 
the  resu l tan t  curve to infinite concent ra t ion ,  leads to an a ppa re n t l y  acceptable  value 
for the  ra te  cons tan t  of the  non-sa tu rab le  process. The procedure  m a y  be seen to be 
unrel iable  under  these condit ions,  however,  because essent ia l ly  the  same e x t r a po l a t e d  
value  is suggested b y  the  lowest curve of Fig. IB,  which in fact  has been cons t ruc ted  
to describe up t ake  exclus ively  b y  a sa tu rab le  process. 
Accordingly ,  the  me thod  for correct ing the to ta l  up t ake  ra te  for the  suspected  
presence of a non-sa tu rab le  process, b y  proceeding to high enough solute levels to 
secure a l inear  section in the  plot  p roposed  b y  AKEDO AND CHRISTENSEN, tends  to 
fail when the  value of V/Km of a med ia t ed  process comes to have  the same order  
of magn i tude  as K• for the  supposed ly  non-sa tu rab le  component .  
Properties of the non-saturable compo~e~zt 
Table  I shows the rates  of up t ake  b y  the Ehr l ich  cell observed for several  sub- 
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s tances  as measured  at  concent ra t ions  of IOO mM or higher.  In  the  case of D-alanine, 
I0O mM L-alanine was used to s a tu ra t e  the  known sys tems  accessible to D-alanine. 
TABLE I 
R A T E S  O F  " N O N - S A T U R A B L E "  U P T A K E  O F  S O M E  A M I N O  A C I D S  B Y  T H E  E t t R L I C H  C E L L  D E T E R M I N E D  
B Y  T H E  M E T H O D  O F  A K E D O  A N D  C H R I S T E N S E N  1 F O R  T H E  I N T E R V A L  I TO I O  m i n  A F T E R  A D D I N G  
T H E  R A D I O A C T I V E  S U B S T A N C E  
Temperature 37 °. To ensure nearly complete saturation of the high-Kin transports of D-alanine 
and betaine, ioo mM L-alanine was included in the medium. 








Near ly  all of the  t r anspo r t  of D-alanine has been shown to be carr ied  out  b y  the  
"uph i l l "  sys tem serving for L-alanine, glycine, L-serine and  numerous  o ther  neu t ra l  
amino  acids, a sys tem descr ibed elsewhere in de ta i l  under  the  des ignat ion  A (for 
a lanine-preferr ing)  6. The observa t ions  of Table  I are for the  9-min in terval ,  I to IO min. 
Dur ing  the first minu te  the  "non - sa tu r ab l e "  up t ake  typ i ca l ly  has a mean  ra te  three  
t imes  as g rea t  as i t  shows subsequent ly .  Al though  the  excess of u p t a k e  dur ing  the 
first minu te  appears  to have  somewhat  the  same proper t ies  as the  subsequent  slower 
up take ,  i t  has been omi t t ed  f rom considera t ion  in the  present  s tudy.  This excess of 
u p t a k e  dur ing  the first minu te  could not  be s ignif icant ly  modif ied b y  collecting cells 
as ear ly  as possible dur ing  the deve lopmen t  of the  Ehr l ich  tumor ,  or b y  t ak ing  cells 
from near  the  surface or deeper  in the  pel let  af ter  slowly centr i fuging ascit ic fluid or 
resuspensions of the  ascites cells. 
The  results  of Table  I show t h a t  D-alanine enters  the  cell b y  the  "non - sa tu r ab l e "  
route  as r ap id ly  as does L-alanine. The same ra tes  were ob ta ined  for D- and L-valine 
and  for o ther  neu t ra l  amino acids. We  have  a l r eady  repor ted  this  correspondence 
for shor ter  t ime  in terva ls  bo th  for a lanine and  val ine  5. I !  the  Ehr l ich  cell had  a special  
t r a n s p o r t  sys t em for ])-amino acids, or for D-alanine specifically, one no t  accessible 
to  the  L-isomers, i ts  u p t a k e  should re ta in  a degree of concent ra t ion  dependence  in 
the  presence of IOO mM L-alanine. Fig. 2 shows ve ry  nea r ly  the  same ra tes  of up t ake  
af te r  the  first m inu t e  for I and  2o mM D-alanine. On the  o ther  hand,  the  up t ake  of 
t aur ine  or be ta ine  re ta ins  a d is t inc t  degree of concent ra t ion  dependence  in the  presence 
of IOO mM L-alanine. Measurements  b y  the  same procedure  ind ica ted  b y  Fig. 2 show 
the presence of a ve ry  slow, sa tu rab le  sys tem for taur ine ,  Km = o.6 mM, V = o.o85 
mmole  per  kg cell wate r  per  min,  whose correspondence to the  Michael i s -Menten  
equa t ion  is i l lus t ra ted  b y  the  plot  b y  the  me thod  of August insson in Fig. 3- One 
cannot  assume tha t  the  kinet ic  pa rame te r s  ob ta ined  have  been ent i re ly  uninfluenced 
b y  the presence of the  a lanine at  IOO mM. Nevertheless ,  t aur ine  and  be ta ine  mus t  
each have  a slow u p t a k e  b y  a m e d i a t e d  route,  in add i t ion  to  the  o rd ina ry  "a lan ine-  
prefer r ing"  sys tem b y  which most  of the  u p t a k e  of be ta ine  occurs 7, and,  in the  case 
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of taurine, in addition to the system by  which most  of the uptake  of taurine and 
/3-alanine occurs s. Both  of the latter systems are almost entirely blocked by  IOO mM 
L-alanine. 
Table I shows tha t  the non-saturable process is s t ructural ly specific, admit t ing 
betaine (@ ref. 7), /~-alanine (@ ref. S) and taurine much more slowly than it does 
the neutral  ~- and L-amino acids. L-Aspartic acid, even at low concentrations,  is also 
taken up very slowly by  the Ehrlich cell ~. 
Fig. 2 shows tha t  the migrat ion of ~-alanine in the presence of IOO mM L-alanine 
has a high temperature  sensitivity, with a mean Q,0 o of 3.o. The more slowly migrat ing 
taurine shows a lower 0~0 o of 1. 5 at high concentrat ions or in the presence of high 
levels of/3-alanine ; conceivably a large par t  of its migration actually occurs by simple 
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Fig. 2. Tempe ra tu r e  s ens i t i v i t y  and  concen t r a t ion  dependence  for the  u p t a k e  of D-alanine by 
the  Ehr l i ch  cell in the  presence of 1oo mM L-alanine. The (210 for bo th  t e m p e r a t u r e  in t e rva l s  
is 3 for the  t ime  in t e rva l  t to io  min.  Near  pa ra l l e l i sm for the  l ines for 1 and  2o mM D-alanine 
shows t h a t  concen t ra t ion  dependence  is ins igni f icant  in the in te rva l ,  i to Io min. The slopes of 
the  solid l ines correspond to KI) -- o.o44 rain -1 (uppermost ) ;  KD -- o.o17 min  1 (second line);  
K n  -- o.oo5 (bo t tom line). 
Fig. 3- l'~inetic p a r a m e t e r s  for a slow u p t a k e  for t au r ine  observed in the  presence of Ioo inM 
I,-alanine. T e m p e r a t u r e  37°; pH  7.4; t ime  in t e rva l  for up t ake  IO rain. The u p t a k e  ra te  has been 
correc ted  for the  non- sa tu rab le  componen t  1. 
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Fig. 4. T e m p e r a t u r e  s ens i t i v i t y  of the  u p t a k e  of i mN'I [l¢CJtaurine in the  presence of zoo mM 
/5-alanine. The mean  (210 for the  t ime  in t e rva l  I to 1o min  was 1.0. 
Fig. 5. Sens i t iv i ty  to  t e m p e r a t u r e  of the  u p t a k e  of L lys ine  a t  xo and 5 ° nlM, in the presence of 
5 ° mM L-phenyla lanine .  The do t t ed  l ines are for 5 ° mM lys ine  a t  37 ° and  26.5 °. At  this  concen 
t r a t i on  the  (210 ° is ve ry  close to uni ty ,  whereas  a t  io  nlM it  is abou t  1. 5. 
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diffusion (Fig. 4). For L-lysine, the Q10 o values for uptake decreased from 1.5 to I . I  
as the concentration was raised from IO to 50 raM, in the presence of 50 mM L-phenyl- 
alanine (Fig. 5). Even at the higher lysine level one of the mediated systems for lysine 
uptake appears to be by no means saturated 9. 
The temperature sensitivity of amino acid uptake by jejunal segments 1° from 
the rat was also studied, using 75 and 15o mM levels to saturate ordinary transport 
systems. For L-phenylalanine Q10 o values of 2.5 and 4.8 were obtained in two different 
experiments of 5 rain duration, for the range 37 ° to 27°; for c~-aminoisobutyric acid 
a typical value of 2. 4 was observed. 
TABLE II 
p H  S E N S I T I V I T Y  O F  T H E  N O N - S A T U R A B L E  U P T A K E  O F  D - A L A N I N E  
In  Krebs -Ringer  phospha te  medium, containing ioo mM L-alanine and 20 mM I)-[14C~alanine, 
rep]acing NaC1, 6o mmoles/1. Temperature ,  37 ° ; t ime intervals  after adding the labeled substance,  
as shown. 
p H  KD (rain -1) 
Expt .  i Exp t .  2 
2--10 rain 6--1o rain 
7.4 0.028 0.025 
7.0 o.o18 o.o18 
6. 5 O.Ol 5 0.004 
6.0 0.007 0.002 
Table II  shows that the non-saturable migration is sharply decreased by lowering 
the pH to 6, the decrease being of about the same degree as that for uptake by 
the A transport system 6. The agency by which most of the migration of such amino 
acids as phenylalanine and leucine occurs is scarcely affected by that change in pH. 
The uptake of D-alanine in the presence of IOO mM L-alanine resembles, however, 
the uptake of the leucine group rather than of the alanine group in being little affected 
by substituting choline for all the Na +, or all but 25 mequiv/1 of the Na +, in Krebs- 
Ringer bicarbonate medium, the KD remaining within 6 % of o.o3 min -1 (interval 
I to IO min after adding D-alanine). 
DISCUSSION 
The "non-saturable" migration of amino acids has three features that show it 
does not occur by simple diffusion, but instead probably also requires at least a 
momentary association of chemical groups of the amino acid with chemical groups 
in the barrier membrane. 
(I) It  shows chemical specificity. Differences in molecular size do not appear 
likely to permit ~-alanine to pass the membrane more rapidly than fi-alanine by simple 
diffusion. In the case of betaine, one could conceive that the absence of a dissociable 
proton on the N atom might prevent the formation even to the extent of a few parts 
per million of a totally uncharged species, which could conceivably be the form of 
ordinary ~-amino acids passing through the lipid barrier of the plasma membrane. 
This explanation is rendered improbable, however, by the inability of fi-alanine to 
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migra te  at  more than  abou t  one- th i rd  the  ra te  of ~-alanine. If one t abu la tes  the pK'  
values  for var ious  c~-amino acids and  for fi-alanine, one finds no encouragement  for 
the  view tha t  a grea ter  abundance  of the  uncharged  species of the  former accounts  
for thei r  fas ter  passage across the  membrane  at  high concentrat ions .  
(2) Ord ina ry  neu t ra l  amino acids showing typ ica l  ra tes  for the  non-sa tu rab le  
migra t ion  have  Qlo o values  of about  3, a value  t ha t  m a y  be t aken  to exclude simple 
diffusion as the  ra te - l imi t ing  step. The lower value observed for t i le more slowly 
migra t ing  t aur ine  m a y  mean  t h a t  a larger  por t ion  of i ts up t ake  occurs b y  simple 
diffusion. Only  in the  case of lysine were 010 ° values close to un i ty  observed.  Even  
when such low Q10 o values  are observed  one still  cannot  suppose tha t  s imple diffusion 
has been es tabl i shed  as the  mode  of up take .  A t t e m p t s  to comple te  the  sa tu ra t ion  of 
lysine up take ,  and  the reby  to es tabl ish  the  s t eady- s t a t e  posi t ion of lysine t r anspor t  
a t  s a tu ra t ing  levels of inh ib i to ry  amino acids, have  not  given convincing results,  
p r e sumab ly  because the  condi t ions  used do not  sa tu ra te  a second, low-affini ty medi-  
a t ing  sys tem which we have descr ibed under  the  des ignat ion  A + (ref. 9). One should 
note t ha t  the  correct ion of AKEDO AND CHRISTENSEN 1 cannot  be genera l ly  appl ied  
wi thou t  mak ing  an assumpt ion  as to the  posi t ion of the  s t eady  s ta te  of the  non- 
sa tu rab le  process. F o r  a cat ionic amino acid the  s t eady  s ta te  in the  absence of uphil l  
t r anspo r t  might  be expec ted  to lie a t  a d i s t r ibu t ion  ra t io  of 1.5-2.5, if we take  the  
in ter ior  of the  cell to be 12-24 mV nega t ive  wi th  respect  to the  ex te rna l  env i ronment  11. 
(3) The non-sa tu rab le  migra t ion  is sharp ly  decreased b y  lowering the p H  suc- 
cessively from 7-4 to 7.o, to 6.5 and to 6.o. Changes of p H  in this  range might  not  
be expec ted  to change signif icantIy the  s ta te  of charge of the  neu t ra l  amino acids, 
a l though t hey  p r o b a b l y  would change the  s ta te  of dissociat ion of accessible groups 
in the  p lasma  membrane ,  and  perhaps  also some metabol ic  processes within the  cell. 
We  m a y  consider  wha t  sort  of a react ive  site might  serve to b ind  or or ien ta te  
the  e -amino  acid molecule in a way  favorable  to its passage th rough  the p lasma  
membrane ,  and  ye t  show the low s t ruc tu ra l  specif ici ty described.  F r o m  the  indifference 
of the  non-sa tu rab le  t r anspo r t  to the  na tu re  of the  side chain of the  a-amino acid, 
whe ther  i t  be a benzyl  group, a me thy l  group,  or en t i re ly  absent ,  and  to the  posi t ion 
of the  side chain,  whe ther  t h a t  typ ica l  of the  L- or of the  D-amino acids, we m a y  
suppose t ha t  not  more  t han  two chemical  groups on the amino acid molecule are 
bound,  and  t ha t  the  side chain does not  figure in the  binding,  as i t  appears  to do 
for the  known sa tu rab le  t r anspor t  sys tems for amino acids. The s t ruc tura l  specif ici ty 
observed  for the  non-sa tu rab le  route  concerns ins tead  the d is tance  between the  amino 
and  the ca rboxy l  groups,  and  the na tu re  of the  amino group, whe ther  it  be q u a t e r n a r y  
or not.  F u r t h e r m o r e  the  lowering of the  p H  might  ve ry  p laus ib ly  influence the  
behav ior  of a m e m b r a n e  group of a type  t ha t  could l ink to the  amino or ca rboxy l  
group, and  less l ike ly  t ha t  of a group able to form an apolar  bond  with  the  amino 
acid side chain. Thus we visualize a react ive  site composed of a t  most  two elements,  
one able to bond  to the  amino group, the  other  to the  ca rboxy l  group. To account  
for the  diff iculty of s a tu ra t i ng  it, sites of this  t ype  mus t  e i ther  be qui te  abundan t ,  
or the  r eac t i v i t y  of amino acids wi th  them mus t  be small ;  or each of these factors 
m a y  p l ay  a role. 
In  any  event  the  present  results  show tha t  the  ex te rna l  bar r ie r  of the cell has 
an exceedingly  low pe rmeab i l i t y  to the  s imple diffusion of these small  solute molecules. 
Pe rhaps  the  na tu re  of the  bar r ie r  ma te r i a l  and  the  molecular  spacing within is such 
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t h a t  a s m a l l  h y d r o p h i l i c  mo lecu l e ,  w h e t h e r  a m e t a b o l i t e  or  a n  e n t i r e l y  fo re ign  s u b -  
s t a n c e ,  w o u l d  o n l y  r a r e l y  p a s s  t h r o u g h  t h e  p l a s m a  m e m b r a n e  w i t h o u t  e s t a b l i s h i n g  
c o n t a c t  w i t h  c h e m i c a l  g r o u p s  of one  k i n d  or  a n o t h e r  w i t h i n  t h e  s u b s t a n c e  of t h e  
m e m b r a n e .  
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